Background and purpose: Ezetimibe, a selective inhibitor of intestinal cholesterol absorption, might also suppress inflammatory components of atherogenesis. We have studied the effects of ezetimibe on two characteristics of atherosclerotic plaques (infiltrate and fibrosis) and on expression of inflammatory genes in a rabbit model of accelerated atherosclerosis. Experimental approach: Femoral atherosclerosis was induced by a combination of endothelial desiccation and atherogenic diet. Animals were randomized to ezetimibe (0.6 mg·kg -1 ·day -1 ), simvastatin (5 mg·kg -1 ·day -1 ), ezetimibe plus simvastatin or no treatment, still on atherogenic diet. A control group of rabbits received normolipidemic diet. Key results: Rabbits fed the normolipidemic diet showed normal plasma lipid levels. Either the normolipidemic diet or drug treatment reduced the intima/media ratio (normolipidemic diet: 22%, ezetimibe: 13%, simvastatin: 27%, ezetimibe + simvastatin: 28%), compared with rabbits with atherosclerosis. Ezetimibe also decreased macrophage content and monocyte chemoattractant protein-1 expression in atherosclerotic lesions. Furthermore, ezetimibe reduced the increased activity of nuclear factor kB in peripheral blood leucocytes and plasma C-reactive protein levels in rabbits with atherosclerosis. In THP-1 cells, ezetimibe decreased monocyte chemoattractant protein-1-induced monocyte migration. Importantly, the combination of ezetimibe with simvastatin was associated with a more significant reduction in plaque monocyte/macrophage content and some proinflammatory markers than observed with each drug alone. Conclusions and implications: Ezetimibe had beneficial effects both on atherosclerosis progression and plaque stabilization and showed additional anti-atherogenic benefits when combined with simvastatin. Its effect on monocyte migration provides a potentially beneficial action, in addition to its effects on lipids.
Introduction
Chronic inflammation is well known to play a key role both in the development and progression of the atherosclerotic plaque and its thrombotic complications, and it has been proposed as a mechanistic link between hyperlipidaemia and atherogenesis (Ross, 1999) . Macrophages are key players in this process by secreting and/or being activated by cytokines, adhesion molecules or growth factors (Ross, 1999; Libby and Aikawa, 2002) . Many of these genes implicated in inflammation are controlled by the transcription factor, nuclear factor kB (NF-kB).
Ezetimibe is the first example of a new class of lipidlowering compounds that selectively inhibits the intestinal absorption of cholesterol. Although ezetimibe significantly lowered total cholesterol, low-density lipoprotein cholesterol (LDL-c) and triglycerides, and increased high-density lipoprotein cholesterol (HDL-c) (Van Heek et al., 1997; Sudhop et al., 2002; Al-Shaer et al., 2004) , its greatest effectiveness results from its use in combination with statins. Thus, the addition of ezetimibe to statins produced further lowering of LDL-c of around 20% and had a more favourable effect on HDL-c and triglycerides when compared with statin therapy alone, even after doubling the dose of the statins (Al-Shaer et al., 2004) . This synergistic effect was seen with all of the statins (simvastatin, atorvastatin, lovastatin, pravastatin) . In apolipoprotein E knockout (apoE-/-) mice, Davis et al. (2001) demonstrated that ezetimibe reduced plasma cholesterol levels and inhibited atherogenesis. In addition to favourable effects on lipid levels, an anti-inflammatory effect of ezetimibe, similar to that seen after simvastatin, has been recently reported in rheumatoid arthritis patients (Mäki-Petäjä et al., 2007) . Interestingly, the addition of ezetimibe to ongoing statin therapy led to a statistically significant reduction in C-reactive protein (CRP) (Sager et al., 2005; Kastelein et al., 2008) , suggesting a potential synergistic anti-inflammatory and/or anti-atherosclerotic action of ezetimibe and a statin in the treatment of atherosclerosis that need to be explored.
Although the anti-inflammatory signalling mechanisms of ezetimibe are unknown at present, this compound interacts with the aminopeptidase N/CD13 (APN/CD13) (Kramer et al., 2005) , a transmembrane protein implicated in adhesion and cell-cell interactions (Firla et al., 2002; Bauvois and Dauzonne, 2006) . It has been recently reported that ezetimibe decreased the surface expression of APN/CD13 and of CD16, CD64 and the scavenger receptor CD36 in monocyte/ macrophages, leading to an impaired macrophage differentiation and lipid uptake (Orsó et al., 2006) . The question, therefore, arises as to whether ezetimibe could also suppress the inflammatory components of atherogenesis.
In this study, we have investigated whether ezetimibe can, alone or in combination with simvastatin, modify two characteristics of the atherosclerotic plaque (cellular infiltrates and fibrosis) and the expression of some genes potentially involved in these processes, as well as the inflammatory phenotype of peripheral blood leucocytes (PBLs) in a model of accelerated atherosclerosis in rabbits. In vitro, we have studied whether ezetimibe could alter monocyte migration, a hallmark of atherogenic disease.
Methods

Animals
All animal procedures were carried out in accordance with the Guide for the Care and Use of Laboratory Animals published by the European Union. Male New Zealand rabbits were obtained from Granja Cunicular San Bernardo, Navarra, Spain. Hyperlipidemic diet was purchased from Letica, Barcelona, Spain.
Experimental model
Femoral atherosclerosis was induced in 34 male New Zealand rabbits weighing 2.5-3 kg by a combination of hyperlipidemic diet (containing 2% cholesterol and 6% peanut oil) and vascular injury as previously described with minimal modifications (Hernández-Presa et al., 1997) . After a 1 week adaptation period, 20 mL of fasting blood was collected from the ear vein, and rabbits fed a hyperlipidemic diet. After 1 week, rabbits were bled from the ear vein, anaesthetized with 6 mg·kg -1 xylazine, 15 mg·kg -1 ketamine and 0.2 mg·kg -1 atro-pine, and endothelial damage was induced in the femoral arteries by the passage of desiccated nitrogen gas at a rate of 140 mL·min -1 for 1 min. One week after surgery, animals were randomized to receive ezetimibe (0.6 mg·kg -1 ·day -1 ) (n = 7), simvastatin (5 mg·kg -1 ·day -1 ) (n = 10), ezetimibe plus simvastatin (n = 10) or no treatment (n = 7), while still on the hyperlipidemic diet. Vascular injury was also induced in a group of rabbits fed normolipidemic diet (standard chow) (n = 5) during the whole study.
Drugs were freshly dissolved every day in drinking water. To ensure complete drug intake, only water containing drugs was provided for the first 6 h and once it was finished, normal water was provided ad libitum for the remaining~18 h of each day. The weight of the animals was measured weekly to adjust the dosage of the drugs. After 6 weeks of treatment, rabbits were bled from the ear vein, and then anaesthetized and both femoral arteries from each animal were removed. To minimize any influence of the anatomical tapering of the femoral artery, each artery was cross-sectioned into two segments: proximal for histology, and distal for molecular biology studies. At the same time, four animals fed standard chow without any experimental intervention were killed and used as healthy controls.
Blood lipid measurements
Plasma total cholesterol and triglycerides were measured by standard enzymic methods (Thermo Electron Corporation). Plasma lipoproteins were isolated by sequential flotationultracentrifugation at the density interval of 1.006-1.019 g·mL -1 for very low-density lipoprotein (VLDL) and intermediate-density lipoprotein (IDL), 1.019-1.063 g·mL -1 for LDL and 1.063-1.21 g·mL -1 for HDL. LDL-c and HDL-c were directly determined using commercial enzymatic assays.
Vascular histopathological studies
For light microscopy, proximal femoral artery segments were fixed in 4% buffered paraformaldehyde, dehydrated and embedded in paraffin. Sections (4 mm) were stained with orcein and Masson's trichrome. Morphometry was performed in digitized orcein-stained artery sections using computerised software (Image-Pro Plus, Media Cybernetics). We measured the lumen area, the areas encroached by the external elastic lamina (EEL) and the internal elastic lamina (IEL), the vessel diameter and the media thickness, and the following parameters were calculated: media area = EEL area -IEL area; neointimal lesion area = IEL arealumen area. Femoral arteries were not perfused and fixed under a defined pressure. Therefore, to minimize this limitation, changes in neointimal lesion have been estimated by calculating the intima to media area ratio considered as a highly reproducible morphological parameter because it is independent of the dimensions of the vessels (Srámek et al., 2000; Gómez-Garre et al., 2006a) . The vessel diameter and the media thickness were measured at the widest part of the shortest diameter in every given vessel section, which represents a point of a perfect (circular) arterial cross section. Sections with the maximal lesion were chosen for quantification.
The presence of lipid-rich areas and fibrosis was quantified in femoral artery sections stained with Masson's trichrome.
After processing, lipids appear as predominately solventtreated empty spaces, and collagen fibres are stained green. Lipid-rich areas, defined as spaces composed of clear, needleshaped cholesterol clefts (representing ghost outlines of dissolved crystals) and/or clear, bubbly, granular, mostly anucleate necrotic debris of foam cells, and fibrosis were evaluated using computerized software (LeicaQwin software, Leica Corporation, St Galen, Switzerland) (Moreno et al., 2002; Gómez-Garre et al., 2006b) .
The histological assessment was carried out by a pathologist, unaware of the treatments given to each sample.
Immunohistochemistry
Briefly, artery sections (5 mm thick) were dewaxed and rehydrated, and the endogenous peroxidase activity was quenched. The slides were washed and incubated in trypsin (0.1% trypsin/0.1% CaCl 2 wt v -1 ) to expose antigenic sites. After blocking non-specific binding sites, sections were incubated with a mouse monoclonal antibody for rabbit macrophages (RAM-11, 1:50) or with a goat polyclonal anti-human monocyte chemoattractant protein-1 (MCP-1) antibody (40 mg·mL -1 ) in a humid atmosphere. Negative control slides were treated with diluted normal rabbit serum. Immunostained sites were revealed with the avidin-biotin immunoperoxidase method (ABComplex) with 0.05% 3,3′diamino-benzidine as the chromogen. Sections were counterstained with Mayer's haematoxylin.
The intensity of RAM-11 and MCP-1 staining was evaluated using computerized software (LeicaQwin software) (Gómez-Garre et al., 2006a) . The results are expressed as lesion area positively brown stained. For each artery, results of two to three sections were averaged to obtain the final results. The immunohistochemical assessments were made by a pathologist unaware of the treatments given to each sample.
RNA extraction
Pieces of distal femoral artery segments were homogenized and total RNA was obtained by the Trizol ® method. The concentration and purity of the RNA was determined by measuring optical density at 260 and 280 nm with a NanoDrop ® spectrophotometer.
TaqMan reverse transcription and real-time polymerase chain reaction
Relative mRNA abundance of MCP-1 was quantified by realtime TaqMan polymerase chain reaction (PCR). The PCR primers and TaqMan probe for MCP-1 (sense primer: 5′-GCTCATAGCAGTCGCCTTCAG-3′; antisense primer: 5′-GTGAATGTATAGCAGCAGGTGACT-3′; sense probe: 5′-TCC CATGTGCTTGCCC-3′) were designed using PrimerExpress software (Applied Biosystems) according to the rabbit MCP-1 sequence (GenBank accession number M57440). The expression of eucaryotic 18S rRNA (VIC/TAMRA Probe) was used as the endogenous control.
To obtain cDNA, 1 mg of isolated RNA from each individual sample was transcribed using a reverse transcription (RT) kit (High-Capacity cDNA Archive kit). Real-time PCR was per-formed with RT products (2 mL for MCP-1 and 1 mL for 18S) with a TaqMan Universal Master Mix on the ABI PRISM 7900 Detection System (Applied Biosystems) in a 384-well format.
Relative quantification of MCP-1 gene expression was performed with the comparative Ct method (DDCt). The obtained Ct values were normalized to 18S rRNA expression and relative to a pooled sample of RNA from healthy rabbits.
Isolation of PBLs and NF-kB activity measurement
Three millilitres of blood was diluted with phosphate-buffered saline (1:2), poured over 3 mL of Ficoll-Paque and centrifuged at 400¥ g for 30 min at room temperature. The mononuclear cell layer was collected, washed twice with cold phosphatebuffered saline and resuspended in a cold protein extraction buffer (Gómez-Garre et al., 2006b) .
Nuclear protein extracts from PBLs were obtained as previously described (Hernández-Presa et al., 1997) and the activity of NF-kB was evaluated by electrophoretic mobility shift assay (EMSA). Protein concentration was quantified by the bicinchoninic acid method and EMSA was performed with a commercial kit. HeLa cell nuclear extracts were used as positive control. To test the specificity of the assay, a 100-fold excess of unlabeled probe was added to the binding reaction.
Measurement of plasma CRP levels
Quantitative determination of CRP in rabbit plasma was performed using a specific and sensitive ELISA kit according to the manufacturer's instructions. Sensitivity level was 4 ng·mL -1 .
Cell culture and migration experiments
For these studies, the human monocytic cell line (THP-1) was obtained from the American Type Culture Collection (Rockville, MD). THP-1 cells were maintained in suspension culture in RPMI 1640 medium supplemented with 10% heatinactivated fetal calf serum (FCS), 50 U·mL -1 penicillin, 50 mg·mL -1 streptomycin and 2 mmol·L -1 glutamine at 37°C in an atmosphere of 5% CO2.
Chemotactic responses of THP-1 cells were assessed by Transwell ® cell culture chambers with polycarbonate filters with 5 mm pores. A total of 3 ¥ 10 5 cells were suspended in 100 mL RPMI 1640 containing 0.5% FCS and added to the upper compartment of the insert. Then, ezetimibe and/or simvastatin (converted to open acid form; Fenton et al., 1992) was added to THP-1 cells at different concentrations. After incubation at 37°C for 2 h, the lower chamber was filled with 100 ng·mL -1 recombinant human MCP-1 diluted in RPMI 1640 containing 0.5% FCS and THP-1 cells were allowed to migrate for 1 h at 37°C. The contents of the lower chamber were collected, and the number of migrated cells counted using an EPICS XL-MCL Coulter by passing each sample in the same predetermined time and flow conditions. Specific chemotaxis was expressed as the percentage of THP-1 cells that migrated in response to MCP-1 alone.
Cell viability
To test the effect of ezetimibe on cell survival, a total of 3 ¥ 10 4 THP-1 cells per well in triplicate were incubated with Anti-inflammatory effects of ezetimibe 1220 D Gómez-Garre et al or without different concentrations of ezetimibe. After 1 or 2 days of incubation, digital images were captured by light microscopy at 100¥ magnification, and cell viability was determined by the Trypan blue exclusion assay, in which cell survival was calculated as (the living cell number of treated group/the living cell number of untreated control group) ¥ 100.
Statistical analysis
All data are expressed as mean Ϯ SEM. Variables not normally distributed were log-transformed to improve their distribution for statistical testing and results transformed back for presentation in figures and tables. Individual arterial segments for each rabbit were evaluated separately. We used Student's t-test for comparisons between two groups and oneway ANOVA for comparisons between more than two groups. Differences were considered statistically significant at P < 0.05. All calculations were performed using the software SPSS 12.0 for windows.
Materials
Xylazine (Rompun) was from Bayer, ketamine (Ketolar) from Parke-Davis and atropine from B. Braum Medicals SA. LDL-c and HDL-c was directly determined using commercial enzymic assays from Roche Diagnostics SL. For immunohistochemistry studies, RAM-11 antibody, ABComplex and 3,3′-diamino-benzidine were obtained from DAKO A/S, antihuman monocyte chemoattractant protein 1 (MCP-1) antibody from R&D Systems and Mayer's haematoxylin from Sigma-Aldrich. For RNA isolation, Trizol ® method from Invit-rogen was employed. All the reagents for real-time Taq-Man PCR experiments were purchased from Applied Biosystems. PBLs were isolated by Ficoll-Paque from Amersham. Nuclear proteins were quantified by the bicinchoninic acid method from Pierce Biotechnology and EMSA was performed with a commercial kit from Promega. Plasma CRP ELISA kit was from Alpha Diagnostic International. Culture medium, FCS and antibiotics were from Cambrex; Transwell ® cell culture chambers were from Costar, and recombinant human MCP-1 was purchased from R&D systems.
Results
At the end of the study, there were no significant differences in food intake (P = 0.728), drinking pattern (P = 0.217) or body weight (P = 0.685) between animals from each experimental group (Table 1) .
Effect of ezetimibe on lipid levels
The administration of a hyperlipidemic diet to rabbits induced an increment in all plasma lipid levels (except in HDL-c), which was already significant after 1 week (total cholesterol: 1.6 Ϯ 0.7 vs. 21.1 Ϯ 5.4; VLDL: 0.4 Ϯ 0.3 vs. 0.9 Ϯ 0.3; LDL: 0.4 Ϯ 0.0 vs. 19.6 Ϯ 5.2; triglycerides: 0.6 Ϯ 0.2 vs. 1.3 Ϯ 0.3 mmol·L -1 , P < 0.05). At this time, the femoral atherosclerosis procedure was carried out and animals were then randomized to different groups without significant differences in lipid levels among groups.
At the end of the study, rabbits with vascular damage and on an atherogenic diet were severely hyperlipidemic (except Anti-inflammatory effects of ezetimibe D Gómez-Garre et al for HDL-c) compared with those fed normolipidemic diet and healthy controls ( Table 2 ). The administration of ezetimibe had no effect on this raised plasma lipid profile and lipoprotein fractions (Table 2) . Ezetimibe plus simvastatin and simvastatin alone tended to show lower levels of plasma total cholesterol, VLDL and LDL than untreated and ezetimibetreated rabbits, although without reaching statistical significance in a multivariate analysis (Table 2) . However, in univariate analysis, the combination of ezetimibe plus simvastatin induced a significant reduction in triglyceride levels with respect to untreated rabbits.
Effect of ezetimibe on atherosclerotic plaques
All rabbits with vascular injury developed neointimal hyperplasia in femoral arteries, although rabbits on hyperlipidemic diet without treatment showed the greatest intima/media ratio ( Figure 1 and Table 2 ). Treatment with ezetimibe, simvastatin or the combination reduced the intima/media ratio by 13%, 27% and 28%, and increased lumen area by 8.5-, 5.5and 12.3-fold, respectively, with respect to untreated rabbits.
No changes were found in the media width (Table 2) . Femoral arteries from rabbits with vascular injury on hyperlipidemic diet showed neointimal lesions characterized by accumulation of lipid-loaded foam cells and a low collagen content, independent of the treatment group (Figure 2) . Quantitative analysis of lipid-rich areas and fibrosis demonstrated that treatment with both ezetimibe and simvastatin alone significantly reduced lipid-rich areas within femoral lesions compared with untreated rabbits, despite maintaining similar plasma lipid concentrations ( Figure 2F ). Further reduction in plaque lipid content was observed after combined treatment. No significant differences were observed in the amount of plaque collagen between groups ( Figure 2G ).
Effect of ezetimibe on vascular inflammation
As lipid-rich areas are associated with monocyte/macrophage infiltration, their presence in the lesions was investigated by the anti-RAM-11 and an anti-MCP-1 antibody. Quantification of immunostained RAM-11-positive areas demonstrated that all treatments significantly reduced the area staining for number of monocytes/macrophages in the atherosclerotic lesions, in comparison with untreated hyperlipidemic rabbits (untreated: 228 Ϯ 40; ezetimibe: 72 Ϯ 16; simvastatin: 127 Ϯ 37; ezetimibe + simvastatin: 30 Ϯ 6 mm 2 10 3 , P < 0.05). The combination of ezetimibe plus simvastatin reduced monocyte/macrophage content more markedly than each drug alone (P < 0.01).
Inmmunohistochemical staining for MCP-1 protein is shown in Figure 3 . Untreated rabbits showed the highest levels in both MCP-1 protein ( Figure 3F ) and mRNA (by realtime PCR) expression ( Figure 3G ) in atherosclerotic lesions. The administration of ezetimibe, simvastatin or the combination to hyperlipidemic rabbits significantly lowered both MCP-1 protein and mRNA without differences between groups (Figure 3F,G) . This reduction was similar to that found in rabbits on the normolipidemic diet, even though plasma lipid levels were significantly higher.
Effect of ezetimibe on systemic inflammation
In order to evaluate the activation state of PBLs, NF-kB activity was assayed by EMSA. Untreated hyperlipidemic rabbits showed an increased activity of NF-kB in PBLs, compared with those in healthy controls (Figure 4A,B) . Treatment with ezetimibe, simvastatin or the combination reduced this high level of NF-kB activation by 61%, 64% and 64%, respectively, Anti-inflammatory effects of ezetimibe 1222 D Gómez-Garre et al bringing it down to a level comparable to that shown in PBLs from the rabbits on the normolipidemic diet ( Figure 4A,B) .
Plasma CRP levels were significantly higher in untreated rabbits than in healthy controls ( Figure 4C ). However, treatment with ezetimibe, simvastatin and the combination significantly lowered plasma CRP levels in comparison with untreated rabbits ( Figure 4C ). Only rabbits treated with ezetimibe plus simvastatin normalized CRP plasma levels.
Effect of ezetimibe on monocyte transmigration
On the basis of the above results, we decided to examine the effect of ezetimibe, alone and in combination, on MCP-1directed monocyte cell migration. Our data demonstrate that pre-treatment of THP-1 monocytes with both ezetimibe and simvastatin for 2 h inhibited the migratory response in a dose-dependent manner ( Figure 5 ). This inhibitory effect was higher when ezetimibe and simvastatin were added in combination.
As cell migration was completely abolished when 10 -4 mol·L -1 ezetimibe was added, control experiments were performed to assess cell integrity. Viability of THP-1 cells exposed to ezetimibe was >90% and remained unchanged up to the highest concentration (10 -6 mol·L -1 : 94 Ϯ 8; 10 -5 mol·L -1 : 96 Ϯ 6; 10 -4 mol·L -1 : 93 Ϯ 3%).
Discussion
In this study, we have demonstrated that the administration of ezetimibe reduced the atherosclerotic lesion size, and decreased the plaque content in macrophage and in the chemoattractant protein MCP-1 in cholesterol-fed rabbits. In vitro, ezetimibe inhibited MCP-1-induced chemotaxis in THP-1 cells, providing a potential mechanism of beneficial action in addition to its lipid effects. Importantly, an additive anti-inflammatory effect was observed when ezetimibe was administered in combination with simvastatin.
It is now well established that inflammation plays a key role in the formation and progression of the atherosclerotic plaque, but also in its thrombotic complications (Ross, 1999 ; Anti-inflammatory effects of ezetimibe D Gómez-Garre et al Libby and Aikawa, 2002) . Thus, chronically elevated levels of circulating inflammatory proteins can be independent predictor values for cardiovascular events, even among apparently healthy subjects (Ross, 1999; Ridker et al., 2001) . Our data demonstrated that ezetimibe exerts direct anti-inflammatory effects in femoral arteries and circulation. In comparison with the plaques from untreated rabbits, those from ezetimibetreated rabbits were of smaller size, and of lower lipid and macrophage content. We also found a significant reduction in MCP-1 expression (both mRNA and protein) in atheroscle-rotic lesions from ezetimibe-treated rabbits in comparison with those from untreated animals, suggesting that this decrease could be, at least in part, responsible for the decrease in macrophage and subsequently lipid content within the plaques from ezetimibe-treated rabbits. The effect of ezetimibe seems not to be related solely to a decrease in plaque size, as the plaque area occupied by lipids, macrophages and MCP-1 was decreased by 64%, 68% and 68%, respectively, whereas the intima/media ratio was only reduced by 13%. The molecular mechanism underlying these anti- inflammatory vascular effects may well be the capacity of ezetimibe to suppress NF-kB activity, a transcriptional regulator of inflammatory proteins, such as MCP-1. In this context, we have shown that the administration of ezetimibe lowered PBL NF-kB activity with respect to untreated rabbits, to a level similar to that displayed by simvastatin-treated and normolipidemic diet groups. It had been previously reported that animals treated with simvastatin showed a significantly greater reduction of NF-kB activity than those in normolipidemic diet (Hernández-Presa et al., 2003) . It is possible that this discrepancy could be due to the different diet protocol, as our control animals were never fed an atherogenic diet. Additionally, CRP plasma levels, found increased in untreated rabbits, were also reduced by ezetimibe. CRP, a classical plasma protein marker, is related to cardiovascular risk, and its reduction after cholesterol lowering is associated with improved clinical outcomes (Ridker et al., 2001; Libby and Aikawa, 2002; Ridker et al., 2005) . There is also evidence indicating that high levels of CRP may be potentially atherogenic (Jialal et al., 2006) . One important finding in our work is that there was not an association between CRP levels and cholesterol. In fact, ezetimibe decreased plasma CRP levels without changing plasma lipid profile. Anti-inflammatory effects of ezetimibe D Gómez-Garre et al
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Our results also showed that ezetimibe provided additional anti-inflammatory benefits when was administered in combination with simvastatin. Administration of ezetimibe plus simvastatin was associated with a more significant reduction in lipid and macrophage content within the plaque, as well as plasma CRP concentration, than each drug alone. It is well known that lesion size is not predictive of plaque stability in humans, and that inflammation is related to plaque instability (Libby and Aikawa, 2002) . Although our data have been obtained in an experimental model of early accelerated atherosclerosis, which is not entirely representative of what occurs in humans, it is possible that the benefits of ezetimibe in the clinical practice could be due, at least in part, to the depletion of plaque lipids and macrophages, contributing to the plaque stabilization.
To elucidate the mechanism(s) by which ezetimibe could reduce plaque inflammation, we investigated whether ezetimibe could alter monocyte migration, measured as chemotaxis mediated by MCP-1, which is not only a marker of the development of atherosclerosis, but also of destabilization of atherosclerotic plaques. Our results showed that ezetimibe inhibited MCP-1-induced monocyte migration and that the inhibitory effect of the combination of ezetimibe and simvastatin was higher than those displayed by either drug given alone. Support for our results has come from the recent report of Kuhlencordt et al. (2009) who found that ezetimibe normalized vascular inflammation as it potently reduced vascular VCAM-1 protein expression and mononuclear cell infiltration in ApoE-deficient mice and in both ApoE-and eNOS-deficient mice. Interestingly, although this effect of ezetimibe was independent of eNOS function, previous studies have demonstrated that statins reduce the expression of several adhesion molecules most likely via increased eNOS expression and activity (Sasaki et al., 2003; Nachtigal et al., 2005) , suggesting that combined therapy with both drugs could exert additive effects.
The anti-inflammatory signalling pathway of ezetimibe is unknown at present. However, APN/CD13, recently identified as a molecular target for ezetimibe (Kramer et al., 2005) , induces chemotactic migration of leucocytes and can hydrolyse type IV collagen (Saiki et al., 1993; Riemann et al., 1997; Tani et al., 2000) , supporting an important role for this membrane protein in leucocyte migration across blood vessels. In monocytes, it has been reported that APN/CD13 leads to the rapid activation of tyrosine kinases (Santos et al., 2000) . Although ezetimibe decreased the surface expression of APN/ CD13 in monocyte/macrophages, at present, we can only speculate about its role in ezetimibe-induced antiinflammatory actions. Current experiments are being performed in our laboratory to study in detail the signal transmission pathway induced by ezetimibe in both monocytes and vascular cells.
The lack of synergism of the combined therapy on vascular lesions might be due, at least partially, to the chosen treatment duration or even the drug dose. Therefore, the effects of ezetimibe, alone or in combination, with other dose and/or a more prolonged schedule of drug administration should be further studied.
During the preparation of this manuscript, results from the Ezetimibe and Simvastatin in Hypercholesterolemia Enhances Atherosclerosis Regression trial have been reported (Kastelein et al., 2008) . This study did not demonstrate significant differences in intima-media thickness between ezetimibe/simvastatin versus simvastatin alone over a 2 year period in patients with heterozygous familial hypercholesterolemia, a rare form of inherited high cholesterol levels that affects less than 0.2% of the population. To test if potential clinical benefits of ezetimibe are related to plaque stability, specifically designed clinical outcome studies are needed. Thus, conclusions regarding ezetimibe/statin combinations should not be drawn until the three large ongoing clinical outcome trials are completed within the next 2-3 years.
In conclusion, our data support beneficial effects of ezetimibe both on atherosclerosis progression and plaque stabilization and show additional anti-inflammatory benefits of its combination with simvastatin. Effects of ezetimibe on monocyte migration provide a potential mechanism of action in addition to its effects on lipids. Confirmation of this early evidence awaits the results of ongoing and future studies.
